Cyclic and non-cyclic breast pain effect up to 60% of women, decreasing quality of life. Additionally, exercise-induced breast pain (thought to be caused by tension on breast skin and fascia during breast motion) is reported in up to 72% of exercising females. These forms of breast pain may be experienced concurrently; therefore it is hypothesised that this compound effect may cause higher breast pain prevalence and severity in active populations. This study investigated the prevalence and severity of breast pain in an active cohort, compared to a random cohort. A random sample of 234 UK females completed a self-administered survey reporting physical activity history, prevalence, severity and frequency of breast pain, breast support habits, bra satisfaction, occurrence of bra-related issues, and demographics. This sample was age-matched to a sample of active females (n = 234) from a crosssectional survey of 1285 female marathon runners who completed a similar survey.
INTRODUCTION
Traditionally two categories of breast pain (mastalgia) have been reported in the clinical literature, cyclic; where breast pain occurs for two or more days during the luteal phase of each menstrual cycle (1) , and non-cyclic; which is characterised by a random pattern of pain (2) . In a review of breast pain, Ader and Shriver (3) reported a prevalence of 45% to 60% for breast pain in UK cohorts. Breast pain can be severe enough to cause some women to seek medical intervention, in fact TavafMotamen, Ader and Browne (4) reported breast pain as the most common reason for attendance in breast clinics or centres. Cyclic breast pain is known to account for approximately two thirds of breast pain cases in speciality clinics, with non-cyclic breast pain accounting for the remaining one third (5) . More recently physical activity research has reported an additional form of breast pain referred to as movement-or exercise-induced breast pain (6, 7) . Exercise-induced breast pain is associated with the motion of the breast (8) and was reported in up to 72% of exercising females (9) .
With only weak natural support within the breast (10) exercise-induced breast pain is thought to be caused by tension on both the skin and fascia of the breast (8) .
Breast biomechanics research has reported that increased levels of exercise are linked to increased breast pain (8) , particularly when undertaken wearing inappropriate breast support (9) and for larger breasted women (11) . Clinical breast pain and exercise-induced breast pain may occur concurrently; the compound effect of these conditions could lead to increased levels of breast pain in active populations or could be a deterrent to physical activity for some women.
Despite the theory that the compound effect of clinical and exercise-induced breast pain could lead to an increase in breast pain prevalence in active populations, it is interesting to note that the only research to investigate this area actually reported a lower prevalence of breast pain (32%) in 1285 female marathon runners (12) compared to the previously reported data for the general population (45% to 60%) (3) . The lower prevalence of breast pain in female marathon runners could be due to the marathon cohort having smaller breasts than the general population, a higher engagement in sports bra use, an increased knowledge of breast support, a reduction in bra issues, or women with severe breast pain self-selecting out of this type of activity. Finally, could it be that physical activity ultimately reduces breast pain symptoms.
Positive benefits of exercise for chronic pain sufferers have been reported elsewhere in the literature, with exercise reducing the intensity of pain in patients with lower back pain (13); however, a comparison of breast pain prevalence and severity between an active population and a normal population has yet to be considered.
The results of such an investigation may help us understand whether physical activity could be an appropriate intervention for women with breast pain. Breast pain can be severe enough to affect a woman's quality of life (14) and therefore interventions that offer relief from breast pain are important to investigate.
Pharmacological interventions for breast pain, whilst effective, have demonstrated side effects which deter their use by practitioners (15, 16) . Instead, most research today recommends non-pharmacological interventions including; Evening Primrose Oil, vitamins, changing diet/fluid intake, relaxation therapy, reducing caffeine intake and using an appropriately fitted, supportive bra (17, 18) . The influence of an active life style on the prevalence and severity of breast pain has yet to be considered. Therefore, the aim of this study is to investigate the prevalence and severity of beast pain in an active population, compared to a random sample of the female population in the UK. To understand the factors that may influence any differences in breast pain prevalence or severity, this study also aimed to compare breast and bra history between the two populations. Due to the potential compound effect of clinical and exercise-induced breast pain it was hypothesised that the active population would demonstrate a higher prevalence and severity of breast pain compared to a random sample of the female population in the UK.
METHOD

Study population and study design
This was a survey based study administered on two cohorts of women. Surveys were approved by relevant institutional ethics committees, all participants gave informed consent and all data were anonymous. The surveys administered to both cohorts included the same questions. The first cohort aimed to capture a random sample of females. This was completed via a self-administered survey mailed to a convenience sample of 274 females, with the majority being administered in the Portsmouth and Southampton local areas, of which 250 surveys were returned, completed or partially completed (response rate of 91%). Surveys with missing responses were deleted list wise (n = 16) resulting in a final sample size of 234. The second cohort aimed to capture an active cohort of females. This was completed using a cross-sectional survey of 1397 female marathon runners conducted during the registration period of the 2012 London Marathon, of which there were 1285 fully completed surveys. Both cohorts were stratified by age and frequency matching was used to select cases from the active cohort with an identical age distribution to the random cohort. We were able to select 77 age matched active cases in the age bracket 18 to 24 years, 48 cases in the age bracket 25 to 29 years, with the remaining age brackets (30 to 34, 35 to 39, 40 to 44, 45 to 49, 50 to 54 years), each containing between 14 and 20 cases. In the final age category, 60 to 64 years we were able to select 7 cases. For further details on the marathon study design and data handling procedures, the reader is referred to Brown, White, Brasher and Scurr (12).
Survey measures
Demographic characteristics and breast health history
Age (years) was categorised into nine age brackets (previously described). Five body mass groups were categorised as < 54 kg, 55 to 64 kg, 65 to 74 kg, 75 to 84 kg, and > 85 kg. There were seven breast health related questions that were dichotomised into yes or no categories these were; whether participants had given birth, breastfed, had any surgical procedures to the breast, had breast cancer or used oral contraceptives. Menopausal status was categorised as pre-, mid-or postmenopausal. Underband and breast cup size were self-reported.
Breast pain
The prevalence and severity of breast pain was assessed using an adaptation of the McGill Pain Questionnaire (19) . Participants were asked if they experienced breast pain (yes or no), how long they had experienced breast pain for (years, months) and whether they perceived their breast pain to be related to their menstrual cycle (yes, no, or sometimes). The severity of pain was assessed on a visual analogue scale (where 0 corresponded to 'no pain' and 10 'worst possible pain'). Five-point Likert scales were used to identify the intensity of breast pain (ranging from mild to excruciating), the frequency of breast pain (ranging from hourly to every two to three months), and how often breast pain was experienced in moderate and vigorous physical activity (ranging from 'never' to 'always').
Breast support habits and bra fit issues
Participants were asked to rate their frequency of sports bra use and frequency of bra-related issues experienced during physical activity using a five-point Likert scale with responses ranging from 'never' to 'always'. Likewise, to assess perceived knowledge of breast health issues such as bra fit, appropriate breast support and breast pain, participants were provided with a five-point Likert scale (extremely poor, below average, average, above average, excellent). To assess when participants had last had a professional bra fit, a six-point Likert scale was used (within last month, within last 3 months, within last 6 months, within last year, over a year ago, never fitted).
Physical activity participation
Physical activity participation was assessed using questions from the Global Physical Activity Questionnaire Analysis Guide (20) . These included how many days in a typical week participants participated in moderate-and vigorous-intensity activities for more than 10 minutes continuously and how much time on a typical day they spent doing these activities. Moderate intensity activities were categorised as those requiring moderate physical effort and causing small increases in breathing or heart rate and vigorous intensity activities were categorised as those requiring hard physical effort and large increases in breathing or heart rate (20).
Data handling and statistical analysis
Participants' demographics and physical activity history were summarised using descriptive measures. Continuous variables were expressed as mean (± standard deviation) and categorical variables were expressed as a percentage. Inferential analyses were performed using Predictive Analytic Software at the 0.05 level of significance. Differences in continuous and ordinal variables between the two cohorts were assessed using independent t-tests and Mann Whitney U tests, respectively. Chi-square analysis was used to assess categorical variables. To meet Chi-square assumptions (21), breast size was grouped into small (≤ C cup size; random, n = 128; active, n = 142) and large (≥ D cup size; random, n = 106, active, n = 92) (11, 22) . Additionally, the frequency of breast pain groups of 'hourly' and 'daily' were condensed to one group to create four frequency groups, and the severity of breast pain groups of 'horrible' and 'excruciating' were condensed to one group to create four severity groups.
RESULTS
The descriptive characteristics of the two study cohorts are outlined in Table 1 . In both cohorts a very small percentage of women had previously had breast cancer or a surgical procedure to the breast and approximately half of women in each cohort reported taking a contraceptive pill, with no significant differences in these variables between groups.
*Insert Table 1 here* Breast cup size ranged from A cup to G cup (mode cup size C) in the random cohort and AA cup to H cup (mode cup size B) in the active cohort. In both cohorts participants breast cup size was positively skewed (Fig. 1) . There was no significant difference in the number of women with small or large breasts between the two cohorts ( 2 = 1.716, p = 0.190).
*Insert Figure 1 here*
Prevalence, severity and frequency of breast pain
The prevalence of breast pain was significantly higher in females from the random cohort compared to females from the active cohort (43.6 % and 32.1%, respectively;  2 = 6.624, p = 0.010) (Fig. 2) . In both cohorts the prevalence of breast pain was and in the active cohort (3.9 out of 10 ± 2.1) did not differ significantly between the two cohorts (Z = -0.417, p = 0.676). The majority of participants in the random and active cohort reported experiencing breast pain monthly (53.0% and 40.0%, respectively) and described the severity of breast pain as discomforting (57.6% and 54.8%, respectively) ( Table 2 ) with no significant differences between cohorts for the frequency ( 2 = 2.984, p = 0.394), or severity ( 2 = 6.529, p = 0.089) of breast pain. Table 2 here*
*Insert
Breast support habits and bra fit issues
Sports bra use during physical activity was significantly higher in the active cohort compared to the random cohort ( 2 = 107.840, p < 0.001) with 77.8% of the active cohort reporting that they always wore a sports bra during physical activity compared to just 32.1% in the random cohort. Only 5.1% of the active cohort reported never wearing a sports bra compared to 31.2% in the random cohort. Across both cohorts, the most common bra issue experienced was shoulder straps digging in, with 28.6% of all participants sometimes experiencing this bra issue and a further 8.5% often experiencing this bra issue (Table 3) . Rubbing and chaffing, and underwire digging into the skin were bra issues experienced significantly more by the active cohort compared to the random cohort ( 2 = 17.826, p < 0.001 and  2 = 15.903, p = 0.001, respectively) ( Table 3 ). In contrast, upper body pain (as a result of bra use) was experienced significantly more by the random cohort ( 2 = 36.637, p < 0.001). Table 3 here*
*Insert
The uptake of professional bra fitting services was significantly higher in the random cohort compared to the active cohort ( 2 = 80.859, p < 0.001) (Fig. 3) . One fifth (20%) of the random cohort reported using professional bra fitting services within the last month compared to just 4% in the active cohort. Additionally, 20% of the active cohort had never had a professional bra fit. Breast size was significantly related to the uptake of professional fitting services in both the random cohort ( 
DISCUSSION
The aim of this study was to investigate the prevalence and severity of beast pain in an active population, compared to a random sample of UK females. By design, physical activity levels were significantly higher in the active cohort compared to the random cohort. However, the results indicate that women from both cohorts are participating in enough physical activity to meet recommended guidelines of at least 150 minute per week (23) . The severity and frequency of breast pain did not differ between the two cohorts, however the prevalence of breast pain was significantly lower in the active cohort (32.1%) compared to the random cohort (43.6%). Despite the theory that the active cohort may experience a compound effect of clinical and exercise-induced breast pain, leading to higher breast pain prevalence and severity, the results of this study reject this hypothesis. The volume of breast pain sufferers in both populations is supported by previous research, with Brown et al. (12) reporting 32% of the full cohort of marathon runners (n=1285) reporting breast pain and Ader and Shiver (3) reporting between 45% and 60% in a more general population.
To understand factors that may influence the lower prevalence of breast pain in the active compared to the random cohort, participants breast and bra history were considered. Active participants reported no difference in breast surgery rates, contraceptive medication or breast cup size when compared to the random cohort.
However, those in the active cohort undertook significantly more physical activity, were lighter, had a greater nulliparous rate, a greater adherence to sports bra use, but less adherence to professional bra fitting.
Considering each of these factors; increases in physical activity have previously been reported to reduce chronic pain symptoms suggesting that increased levels of physical activity may be an effective life style choice to reduce the occurrence of breast pain. As this is not an intervention study, this result should be verified with a randomised control trial that prescribes physical activity for symptomatic women. As expected, the active cohort had a reduced body mass compared to the random population. Previous research has shown reduced breast pain symptoms in those with a lower body mass index (12) , however this is the first study that reports a potential positive effect of reduced body mass on breast pain prevalence. Whilst reductions in body mass may accompany an increase in physical activity, further research is warranted to understand whether body mass is a causal factor for breast pain. Despite the active cohort reporting increased nulliparous rates compared to the random cohort, previous research has reported that hormone events such as pregnancy may actually reduce breast pain (2, 18) . Furthermore, Davies, Gateley, Miers and Mansel (5) found that following child birth 8% and 10% of participants were relieved from cyclic and non-cyclic breast pain, respectively. Additionally, combining the cohorts in this study showed that the prevalence of breast pain was significantly lower in women who had given birth compared to nulliparous women.
This suggests that the greater occurrence of nulliparous women in the active cohort is not associated with the lower breast pain prevalence rates. Finally, increases in the level of breast support are known to reduce both exerciseinduced breast pain (7, 8) and clinical breast pain (25) , therefore the increased adherence to sports bra use in the active cohort may contribute to the reduced prevalence of breast pain. This finding also supports previous clinical recommendations for the use of supportive bras as a treatment for breast pain. This finding is despite the reduced adherence to professional bra fitting.
Additional findings from both cohorts in this study show that breast pain was associated with bra cup size, with larger breasted women (≥ D cup) in both cohorts reporting a higher prevalence of breast pain than their smaller breasted counterparts.
This is concurrent with the findings of Brown et al. (12) who found larger breasted women had a higher prevalence of breast pain and reinforces the idea that breast pain may be associated with bra size. As expected the two cohorts experienced differences in bra issues during physical activity. Rubbing and chafing, and bra underwire digging in were experienced more in the active cohort. The higher prevalence of these bra issues in the active cohort may be related to their lack of engagement in professional bra fitting or to the duration of marathon running and the subsequent demands that this places on the bra. Poorly fitting bras have been associated with negative health issues including breast pain, back pain and poor posture (25) and therefore it is imperative that bra fitting services are promoted.
CONCLUSION
In conclusion, despite the potential for a compound effect of clinical breast pain and exercise-induced breast pain, an active female population demonstrated a lower prevalence of breast pain compared to a random sample from the general female population in the UK. As well as increased levels of physical activity, this sample were lighter, had greater nulliparous rates and engaged more in sports bra use, but less in professional bra fitting services. Further investigation of breast and bra history to understand the reduce breast pain prevalence in the active cohort ruled out nulliparity as a factor associated with lower prevalence's of breast pain as when considered over the whole population in this study those who had given birth demonstrated a lower prevalence of breast pain. Of the remaining factors, sports bra use as a treatment for breast pain sufferers has been previously identified and is therefore supported by these findings. However, this is the first study to identify a link in physical activity participation and body mass to reduced breast pain prevalence. This result suggests that physical activity and weight loss may be an effective life style choice for women to reduce the prevalence of breast pain. Before these recommendations are made to symptomatic women, an intervention study investigating the influence of physical activity and weight loss on the prevalence of breast pain is warranted based on the findings of this study. Table 2 . Severity and frequency of breast pain experienced by symptomatic participants in the random (n = 100), active (n = 74) and total population (n = 174). Table 3 . Frequency of bra issues experienced during physical activity in the random cohort (n = 234), active cohort (n = 234) and total population (n = 468). Figure 3 . Percentage distribution of professional bra fitting in the random (n = 180*) and active cohort (n = 196**).
Severity
*54 participants reported that they could not recall when they were last fitted **38 participants reported that they could not recall when they were last fitted 
